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TWO-STAGE EXHAUST GAS CONVERSION 
CATALYST SYSTEM 

This inven tion is directed 
5 gas conversion catalyst svst-T two-stage exhaust 

reducing catalyst and I Zl^ 

A number of catalyst! ^k! Cat&lySt ' 
convert automotive e^ a u s t at ^ SUggeSted to 

-noxide, hydrocarbo^ " nd ^°^° nentS "** 
" .ases. The nitrogen ^ SSTJ^ T ^ 

nitric oxide (BD) ^ nitroge n X ide « ~ ~ " 
referred to by the formula NO . Prl Sen t , 
control of the thr eo x Present simultaneous 

» catalysts U k e y pIati ;^ hod^^l "TT^" 
These catalysts 0 D B ™t P^ladium/rhodium. 

reducing atmosphere, i e V * «"*»™«t is a 

between about 14 7 L i' * A/P ratio range 

*• -ss than efficient in ti 4 ^^"^^^ ™" 
operated on the lean side where the A/P Si! 
than 14.7. it is desirable u " 

25 ""-ted^to be in the raage — 

Wgh-silica^eomrdescrL'f '"f^"— " ^PP^-containing 
-alyst to redaoe r • 

on the "lean" side of the A/ P MiLurT nil 'T^" *° N > 
are described as those H*9h-»xl«» zeolites 

30 preferably above 20. 

Copper-containing zeolites a™ ~ 
at the high te^t^, Lund ^0!^" T 
systems. That 4. automobile exhaust 

alumina of th" ^ ST^T* *° ^ ^ 
low surface area o^^^Z £££ * 

The invention overcomes problJ 
Prior art catalysts and is dieted ^TS""***** With 
gas conversion catalyst svste^ f two-stage exhaust 

alyst system for purification of exhaust 



systems. 
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5 est; ^V-S^ rsisu «» 

refractor, oxixie topresnated refractory oxide 

is selected from the group The seC ond stage 

tltania and lanthana. x«» 
10 zirconia, silica, t« such as a noble metal on 

catalyst « — 

alumina. The fxrst Qxide ^egnated with 

an intimate ^-^^^^.containing zeolite or 
transition ^^^Z^e, 
15 a layer of rexxaetory oxxde^^ A preferred 

-°*Z r^^SU - -per and the 

^ai^xtion metal xnthP Each of the 

preferred refractory oxide is sir 

catalysts may be deposited on *j£^~p**** * 
20 honeycomb ceramie or metaUxc carrier or 

pelleted form. another aspect is 

The invention according to anotner asp 

,, od for the purification of exhaust gases 
directed to a method for the P two _ sta -ge exhaust 

which comprises exhaust gases of a 

25 gas catalyst system disclosed aoo 
combustion system. 

„>„ described further, by way 

* ^rrrrr-rr — — .. - 



30 which 
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Fig. 1 graphically shows a comparison of K0 X 
Fig. x v ra nge of hydrocarbon 

conversions to H 2 over a wi y C u-ZSM-5 monolithic 

concentrations when using 

catalyst as compared to a CuO/ < 2 

catalyst according to an embodiment of the p 

invention. 
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Fig, 2 graphically shows a comparison of 
hydrocarbon conversions over a wide range of hydrocarbon 
concentrations when comparing the catalysts of Fig. 1. 

Fig. 3 illustrates the effect of a conventional 
5 oxidative catalyst placed in series (downstream) with a 

CuO/Zr0 2 /Cu-ZSM-5 according to an embodiment of the present 
invention. 

The invention is directed to a two-stage catalyst 
10 system for the purification of exhaust gases containing 
nitrogen oxides, carbon monoxide and hydrocarbons. The 
first stage catalyst is placed close to the engine manifold, 
and converts NO x to N 2 through a reduction reaction with 
hydrocarbons present in the exhaust gas stream. It also 
15 converts the majority of hydrocarbons present to carbon 
dioxide and water and a portion of hydrogen to water. 
Partial conversion of carbon monoxide into carbon dioxide 
also occurs. The exhaust gases then pass through a second 
stage catalyst which further oxidizes any reducing species 
20 present. 

The first stage catalyst comprises a combination of 
two materials, refractory oxide impregnated with transition 
metal and transition metal-containing zeolite. This 
combination may be in the form of an intimate mixture of the 

25 two materials or in the form of a layer of one material 
carrying a layer of the other, preferably a layer of 
refractory oxide impregnated with transition metal on top of 
transition metal-containing zeolite present on a substrate. 
Generally, the two materials of the first stage catalyst are 

30 employed in a ratio between about 10% to 90% and 90% to 10% 
by weight. Preferably, they are employed in a weight ratio 
between about 40% to 60% and 60% to 40% by weight. 

The refractory oxide on which the transition metal 
is impregnated is selected from the group consisting 

35 essentially of zirconia (Zr0 2 ), silica (Si0 2 ), titania 

(Ti0 2 ), and lanthana (La 2 0 3 ), with zirconia being preferred. 
The refractory oxid also may comprise compatible mixtures 
of thes oxides. The transition metal comprises, but is not 
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limited to, Cu r n „ 

±L =™ £™==^ 

metal present in rt . OXlde - »• transition 

"^- present in the two materials of *-h« ^ 
5 catalvst «■ • ^ is of the first stage 

one may be copper and +hr> ««-v ^ metals, i.e., 

«- — r^j ■»«—». 

the present invention,^ IT£ •"^^ t0 
on the alumna because of its -^^^^^"""^ 

-tal can * '^^^J^^ 
0 to one Sk ill ed in tL ™ tSClmigUeS - ^ *• -PP-ent 

Such techniques^ be^i ° f ^ "* ^osure. 

specific!*^ ^cussed hereinafter with 

spec *f icity to copper-containing sirconia but such 

HZ 1 " ^ genSrally t0 ° th - — sition lL 
e^bodx.nents according to the present invention. 

cont . . Accordi *S to one method of making a copper- 
containing zirconia, a quantity of zirconia is slZ d 
repeatedly if desired, in a solution of T ' 
subsequently dried and t-h , COPPer c6 *P°™d, 

m xy aried, and then calcined at an elevated 
temperature between, e.g., 300-900 V eXeVated 
If alumina is to V ' ften at about 600 'C- 

mixed^ « incorporated as a binder, it would be 

mixed with the copper impregnated zirconia i„ fl el 

to being applied as a separate layl^lTtl ^ 
the t-T- a r,c,-^- e+x*sa layer or being combined with 

r 7 USSfUl ° BW * r °— — « are 
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n^te C ° mPOU,>t " i " S C ° PPer Salts 1U « copper 

^^l«es SUl£ate} ««— — compound^ 

oxooxyiates of copper, copper acetate 

amines; organo-ooaplexes of ^ppTSe^i * <CUPri0) 

— ^^^r^T^S^ chloride ' 

transition metal compounds useful T ft . " 
« the refractory ^l^^^^^T^ f °™ 
be apparent to those sfciuld „, ^ ^ 

present disclosure. lew of 

If the calcining is carried out in -i r * ■„ 
compound decomposes and forms copper oxid^ ^7 ° K * r 
1= other hand, the calcining is c2Z oTt 
atmosphere the copper compound^ "educed 3 
oopoex. Preferably, the transition metaT^ Z 

rrrrrs.^ rr - - — — 

20 zirconia. „hen tJ^TsZT^^TT 
oxygen present in the exhaust gas 1^1 o^e " 
copper oxide. oxidize the copper to 
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I** ^tC^rtr^r 7 oxide 

second material tranli* ^ Catal * st comprises a 

2e «m- ^ tSria1 ' tr ^xtion metal-containing zeolite The 

Sio /^c" 6 r leCted ^ Silica -elites havLg a 

Sx0 2 /Al 2 o 3 molar ratio which exceeds about 10 and or^ M 
about 20. Representative of such h «„ h \ Preferably 
"silicalite" zsm c high-smca zeolites are 

Elites atd'Jtt s "m^TaT^sc! "7*" " 

to Kitscher et al ^^^C^/-* 

incorporated by reference for such teachings it L t » 
understood that other zeolites bavin 

-scribed herein may he used JZ^CJS^T^ 

crystalline silica composition having a hydrophobic/ 
cryophilic characteristic which peLts S u se f l 
selectively adsorbing organic materials preftrentJl* to 
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water. Silicalite is more completely described in U.S- 
patent 4,061,724 which is hereby expressly incorporated by 
reference for such teachings, A zeolite in the protonated 
(acid form) may also be used. The diameter of the zeolite 

5 particle is not limited to any particular size. Smaller 
particle sizes are preferred as providing more u ni form 
coatings on the catalyst support than those of larger 
particle size. 

The transition metal such as copper is provided 

10 into the zeolite by ion exchange. Generally a sodium 
zeolite is contacted by an aqueous solution of another 
cation, in this case an aqueous solution of a soluble copper 
compound such as copper acetate wherein replacement of the 
sodium ion by copper ion takes place* It is advantageous to 

15 provide as much transition metal ion in the zeolite as 

possible since the amount of transition metal present in the 
zeolite is directly related to the catalytic activity of the 
first stage catalyst. After replacing the sodium ion with 
metal ion, the zeolite is generally washed to remove excess 

20 surface transition metal compound. It is not necessary to 
do so, however. 

The first stage catalyst may be made by gri n di n g 
each of the copper-containing zirconia and the copper- 
containing zeolite to a fine powder , mixing them "together, 

25 forming a slurry of them and then applying the slurry to a 
substrate such as metal or ceramic honeycomb . While it is 
preferable to make the first stage catalyst this way, 
according to another embodiment it may be made by layering 
one material onto the other. For example, a layer of the 

30 copper-containing zeolite may be applied to the substrate 

and then a layer of copper-containing zeolite may be applied 
on top of the copper-containing zirconia layer* Binders may 
also be incorporated in forming the first stage catalyst, 
including the alumina discussed herein. 

35 "it has been found that while copper-contai n i n g 

zeolite displays three-way catalyst activity, the copper has 
a tendency with use to react detrimentally with the alumina 
at high temperatures. As a result of this reaction copper 
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aluminate is foraied 

with Educed catalytic actl^ ^T"^ "~ 
-action takes place with th/r^fra^T 
■ 21rCOnU -WW according to^h! ^ """"^ SUCh M 
5 thus believed that by empTov PrMent Mention, it is 
in addition to ^IZ^^"™^' 
« present in the first J!/^ *«>lite, additional copper 
~t catalytically ^.TZT^ U *° 

alumina. «, insures ^hat^e "act with the 
10 tt " *• "talytically acttve ^ *— *~ *" « f °» 

Pig " 
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nitric cxlo^ f^T^ST s , *r" *- « 

weight loading, according catalyst (at a 33% by 

invention and L Xtln " *** 
" <al 8 o at a ^X ^lZTs^ * CMm " 

a wide hydrocarbon co,™..; "»°">9)- both taken over 

the two runs are identic" * " "efeen 
=o,000hr- (space velocity 't£a7?. <S " V -' of 

9« over the volume of «ta^st " tte volume of 

0 Of 900> are used, typic^ of, «* a temperature 

exhaust ,as co^tll £ interMl «- 
described in the grajT a 9M CM »°aition is 

nitric oxide by ' t T « 

efficient than that by the ™T ?^ i8 *° re 
• range of hydrocarbon concent" ^ ~* "» "»"» 

<W Z ro 2 /Cu-zsM- 5 catalyst »al *»e 
factor of 2 more efficient tTaI " the a 
reaction. 0,6 comparable Cu-zsm-s 

hydxocarbTn'.pfopy^nV bTHuC the °^«on of 

-e oxidation of hydrocarL ^^2^ T^" 
the same conditions as in Pic , 1 catalyst under 

hydrocarbon by the su c h <■ W?' °*i°ation of 

e«icie„t thJ * 
CuO/.rVo-zsM.s react is el th ^ 
-re efficient than the comparable cu!IsmT " ^ ** 2/3 
yielding essentially quantitative reaction, 
-r the entire conce^tC^e™^ — 
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The second stage catalyst according to the present 
invention comprises a conventional oxidative catalyst such 
as palladium on alumina which further oxidizes any reducing 
species present, resulting in near quantitative conversion 

5 of hydrocarbons, carbon monoxide and hydrogen. While 

palladium on alumina is preferred for this second stage, it 
is not meant to be so limited. This second stage may 
comprise other oxidative catalysts like Pt/Al 2 0 3 , Pd/Al 2 0 3 , 
Pt/Rh/Al 2 0 3 , aud Pd/Pt/Al 2 0 3 . While not as preferred as the 

10 above, the second stage catalyst may comprise zeolite in 
place of the alumina. The metal may be provided on the 
zeolite by ion-exchange and/or impregnation as will be 
apparent to one skilled in the art in view of the present 
disclosure. 



15 



Test Procedure 



The catalysts are characterized in a quartz steady^ 
state flow reactor. Gases are blended in a manifold by 

20 means of mass-flow controllers, routed through a by-pass 
line to an analytical train for analysis, and then routed 
over the catalyst. The post-catalyst gases are then 
analysed to determine the extent of reaction of the various 
constituents. The catalyst used is in the form of a 

25 cylindrical ceramic monolith measuring 1 inch in diameter by 
1.5 inches long. Total gas flow over the catalyst is 16.09 
liters/min. which gives a space velocity of 50,000 hx" . An 
inlet temperature of 900°F is used in all tests. The 
composition of the gas stream used in the following examples 

30 is that shown in Fig. 3. 

Example 1 

(a) Copper acetate monohydrate (7.8 g> is 
35 dissolved in 150 ml of acetic acid/water mixture (50r50>. 
Zirconia, 50 g, is placed in a beaker and is impregnated 
with the copper acetate solution by incipient wetness 
technique. It takes three impregnations to finish all the 
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solution. The impregnated material is dried at 120 °C 
between impregnations and after the final impregnation, it 
is then calcined at 600 °C for four hours. 

(b) Cu-ZSM-5, which contains 3% by weight ion- 
5 exchanged copper , is obtained from Universal Oil Products 

(UOP). This material is in a powder form suitable for 
direct use. 

(c) A mixture of equal weight amounts of materials 
(a) and (b) above is ball-milled in a sufficient amount of 

10 water to make a fine slurry. The slurry is applied to a 
cordierite monolith in several steps to obtain 33% loading 
of this mixture on the monolith as a % of the aggregate 
weight. The final drying is carried out at 120 °C for three 
hours and the calcination is carried out at 600 °C for four 

15 hours to form the first stage catalyst. 

The first stage catalyst prepared above is coupled 
with a 1% Pd/Al 2 0 3 conventional oxidative catalyst (as the 
second stage catalyst) to form a two stage catalyst system 
according to the present invention. The system is placed 

20 within a testing device with the second stage downstream of 
the first and tested according to the described test 
procedure. Fig, 3 gives a comparison of conversions of 
nitric oxide, hydrocarbon/ carbon monoxide and hydrogen 
which is obtained with the two stage catalyst of -the example 

25 as well as that of the first stage alone. As can be seen, 
the use of the second stage in addition to the first stage 
improves the oxidation of carbon monoxide and hydrogen and 
also hydrocarbon but to a lesser extent for hydrocarbon. 

30 Example 2 

Zeolite ZSM-5 (UOP) is ion exchanged by stirring 
with a 0.05 M solution of copper acetate. The material is 
filtered, washed, and ion exchanged three times. It is then 
35 dried at 120°C for 3 h urs and then calcined at 600°C for 
three hours. The product contains 2.0 % copper by weight. 

A first stage catalyst is prepared according to the 
procedures in Example 1(c) using the Cu/ZrO. product 



BNSDOCID: <WO 93DCT7A1 1 > 



W ° 93/04767 PCI7EP92/01882 

- 10 - 

described in Example 1(a) and the material prepared in this 
example instead of that of 1(b). The catalyst is provided 
on a cordierite monolith according to the procedure of 
Example 1. 

5 The first stage catalyst prepared in Example 2 is 

coupled with the conventional oxidative catalyst used in 
Example 1 immediately downstream to form a two stage 
catalyst system according to the present invention. Similar 
test procedures give results comparable to those of 

10 Example 1 except that N0 x conversion decreases about 10% 
with the decreased copper loading in the zeolite. 



Example 3 



15 



A first stage catalyst is prepared as described in 
Example 1(c) from a 40:60 weight mixture of the materials 
described in Example 1(a) and 1(b). 

The first stage catalyst prepared in this example 
xs provided on a cordierite monolith according to the 
20 procedure of Example 1. it is coupled with a Pt/A^O 

conventional oxidative catalyst immediately downstream to 
form a two stage catalyst system according to the present 
invention. Test results are comparable to those of 
Example 1. 



25 



30 



35 



Example 4 

A first stage catalyst is made according to the 
procedure of Example 1. Catalyst grade -alumina (Degussa 
Corp.) in an amount of 25% by weight based on the total 
weight of alumina and copper impregnated zirconia is 
additionally included during slurry formation in the 
composition of Example 1(c) as a binder. 

The first stage catalyst prepared in this example 
is provided on a cordierite monolith according to the 
procedure of Example 1. it is coupled with the conventional 
oxidative catalyst used in Example 1 immediately downstream 
to form a two stage catalyst system according to the present 
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invention. The initial efficiency of catalytic activity is 
the same as in Example 1, but deteriorates somewhat with 
time. 

5 Example 5 

Cu-ZSM-5, described in Example 1(b), is ball milled 
with sufficient water to form a fine slurry and then coated 
on a monolith to obtain 21% weight loading. The sample is 
10 subsequently coated with a Cu/Zr0 2 product (prepared as in 
Example 1(a)) from a water slurry thereof to impart a 11.5% 
coating by weight on the Cu-ZSM-5 layer. The monolith so 
prepared is calcined at 600°C for five hours to produce the 
first stage catalyst. 
15 The first stage catalyst catalyst as prepared above 

is provided on a cordierite monolith. It is coupled with a 
1% Pt/Al 2 0 3 conventional oxidative catalyst to form a two 
stage catalyst system according to the present invention. 
Testing gives results comparable to those of Example 1. 



20 



Example 6 



Fifty grams of zeolite ZSM-8 (OOP) is ion-exchanged 
by stirring with a 0.01 M solution of nickel acetate. The 
25 material is filtered, washed and ion-exchanged three more 
times. It is then dried at 120°C and calcined at 600°C for 
three hours. The product contains 3.2% nickel by weight. 

A first stage catalyst is prepared as described in 
Example 1(c) by employing the above material and the Cu/Zr0 2 
30 product from Example 1(a) in equal amounts by weight. 

The first stage catalyst catalyst prepared in this 
example is provided on a cordierite monolith according to 
the procedure of Example 1. It is . coupled with a 1% 
Pd/Al 0 3 conventional oxidative catalyst. Test results are 
35 similar to those of Example 1 except that HO conversion is 
approximately 75% of that of Example 1. 
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Example 7 

Zirconia is impregnated with copper as described in 
Example 1(a) to deposit 7.5% copper by weight. This product 
5 xs employed to prepare a catalyst product as described in 
Example 1 (c) . 

The first stage catalyst catalyst prepared in this 
example is provided on a cordierite monolith according to 
the procedure of Example 1. it is coupled with a 1% 
10 Pt/Al 2 o 3 conventional oxidative catalyst. Test results are 
similar to those of Example 1. 



Example 8 



15 



20 



Fifty grams of silica axe impregnated with 8.3 g of 
copper acetate as described in Example 1(a). A first stage 
catalyst is prepared from this Cu?sio 2 product and Cu-ZSM-5 
as described in Example 1(c) . 

It is coupled with a 1% Pd/Al 2 0 3 conventional 
oxidative catalyst. The test procedure as described in 
Example 1 shows the emission reductions comparable to those 
of Example 1. 

25 Example 9 

Fifteen grams of titania and 35 grams of zirconia 
are mixed in a beaker and the mixture is impregnated with 
8.1 grams of copper acetate as described in Example 1(a). A 
first stage catalyst is prepared following the procedure of 
Example 1(b) and (c) . The second stage is prepared as in 
Example 1. Test results of the two-stage catalyst system 
are similar to those shown in Example. 1 . 



30 
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Example 10 

Fifty grams of zirconia are soaked in a solution of 
12 grams of lanthanum nitrate in 50 ml of water. The 
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material is dried at 125 °C and then calcined at 450 °C for 
five hours. This material is impregnated with 9.7 grams of 
copper acetate as described in Example 1(a). with the use 
of this Cu/L^Og/ZrC^ material and Cu-ZSM-5, the first stage 
5 catalyst is obtained as described in Example 1. This first 
stage is combined with the second stage described in Example 
1 and is subjected to testing. The results show that NO x , 
CO and hydrocarbon conversions aire comparable to those seen 
in Example 1. 

10 
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20 



25 



30 



35 



BNSOCCia <WO_930*7S7A1J_> 



WO 93/04767 

PCT/EP92/0I882 

- 14 - 
CLAIMS 

a combination of cii h co °««ises s 

t«. transition ^tal and ii, 

- • ^t sta 5 e itairsTsST T^^' 
sooted tna consist J^tS^ «** " 

° Slllca ' and lantnana; an! SentM11 r °* ^conia, 

rJJrst stage catalyst. 

A system according tr» ~i - , 
transition metal of said refralol ' Said 

transition metal and said tra^tf ^ 1th 
-elite are independently sell t l ! metal ~™nin g 
transition metal comprising ^ ^ ^ of 

20 chromium, ^ fn d f 

ganese and compatible mixtures therfiof ^ 

3. a system according to eJ*,- m , . ' 
transition metal is present ' wherein the 

-^nation eo^eT ^T.l ^ *» 
30 vita transition .etal and £f "LT^ *■«■»««»« 
ooataiMng zeolite ln . J"' . *"? *«— -etal- 
10% and 10% to 90%. between about 90% to 

35 seolite aas' .V^L"^ 1 "' *° said 

W^/UA nolar ratio greater than 10 . 

o^ative^r^r:^ 01 ^ u 

mprxses a noble metal on alumina. 
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7. A system according to claim l f wherein the 
first stage catalyst combination comprises an intimate 
Lture of said refractory oxide impregnated with transition 
metal and said transition metal-containing zeolite. 

5 8. A system according to claim 1, wherein the 

first stage catalyst combination comprises a layer of said 
refractory oxide impregnated with transition metal adhered 
to a layer of said transition metal-containing zeolite. 



l ° 9 A method for the conversion of exhaust gases 

containing'nitrogen oxides, carbon monoxide and hydrocarbons 
which comprises sequentially exposing said first stage 
catalyst and said second catalyst as claimed in any one of 

15 the preceding claims. 

10 A two-stage exhaust gas conversion catalyst 
system for purification of exhaust gases containing nitrogen 
oxides, carbon monoxide and hydrocarbons which comprises. 

20 a combination of (i) zirconia impregnated with 

copper and <ii) copper-containing zeolite, as a first stage 
catalyst, said zeolite having a Si0 2 /Al 2 0 3 molar ratio 

areater than 10; and 
25 oxidative catalyst, as a second stage catalyst, 

said exhaust gas being exposed to said second stage 
catalyst after being exposed to said first stage catalyst. 
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